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Abstract: Tumor necrosis factor-α (TNF-α) is a cytotoxic cytokine in vitro. It mediates septic shock, 

apoptosis, and inflammation in vivo. The in vitro work was used for testing the effect of Etanercept 

(ETA) and Infliximab (INF) against cell cytotoxicity caused by TNF-α. At the same time, the in vivo 

work was used to test the effect of the two tested agents on TNF-α serum levels in rats induced by 

lipopolysaccharides (LPS). Upon in vitro testing of the protective effect of both agents on the WI38 

cells, it was found that ETA was superior to INF for antagonizing the effect of TNF-α whether the tested 

agent and TNF-α were simultaneously added to the cell line or the antibody addition proceeded TNF-α 

addition. In vivo testing of the effect of both agents showed that they significantly antagonized the effect 

of TNF-α with superior effect in case of ETA whether each tested agent was administered at four doses 

separated by one-week interval before LPS injection or it was administered once 24 hours after LPS 

administration. This study gave evidence for a differential antagonizing effect of ETA and INF against 

TNF-α with superior action in the case of ETA when they were assessed both in vitro and in vivo.  
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1. Introduction 

Tumor necrosis factor (TNF) is a cytokine produced by macrophages that mediates 

inflammation and apoptosis [1,2]. It is involved in the pathogenesis of several inflammatory 

diseases, such as Crohn's disease (CD) [3], rheumatoid arthritis (RA) [4], systemic lupus 

erythematosus (SLE) [5], ulcerative colitis, multiple sclerosis (MS), and systemic sclerosis [6]. 

It is also involved in viral replication, septic shock, tumor genesis, inflammation, and 

autoimmunity [7] and contributes to pathological and physiological processes [8]. It has a role 

in normal physiology, chronic inflammation, acute inflammation, cancer-related inflammation, 

and autoimmune diseases [9]. Tumor necrosis factor-alpha (TNF-α) is the most widely studied 

cytokine of the TNF superfamily [10]. This factor is formed by many cell types: immune cells 
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such as macrophages and monocytes, neutrophils, natural killer cells (NK), T-lymphocytes, 

fibroblasts, and neuronal cells. As well as its principal role in inflammatory events, there is 

increasing confirmation for the participation of TNF-α in cytotoxicity. Injection of 

lipopolysaccharides into rats stimulates the secretion of TNF-α from macrophages [11,12]. 

This cytokine occurs in two biologically active forms; the first is a  transmembrane protein  

(tmTNF) which can be degraded by the metalloproteinase TNF-α-converting enzyme (TACE) 

into its second form, a  soluble  TNF (sTNF) [13]. There are two TNF-binding transmembrane 

receptors, namely the TNF receptor 1 (TNFR1 or CD120a) and the TNF receptor 2 (TNFR2 or 

CD120b) [14]. TNFR1 is expressed universally on almost all cell types, whereas TNFR2 is 

restricted to immune cells and some tumor cells [15]. Monoclonal anti-TNF antibodies are 

evaluated for their ability to protect cells from the cytotoxic effects of human TNF-α. 

Antibodies that bind to the TNF receptor have been shown to prevent cytotoxicity. Anti-TNF-

α antibodies are used to prevent the binding of TNF-α to its receptor and to promote its 

clearance from circulation via antigen-antibody complexes [16,17]. Anti-TNF-α antibodies 

have also been shown to neutralize the direct cell-to-cell killing mediated by the membranous 

form of TNF-α [18,19]. Two TNF-α inhibitors, ETA (a p75 TNF-α receptor/Fc fusion protein) 

and INF (a chimeric monoclonal antibody), have been allowed to treat rheumatoid arthritis. 

INF (trade name Remicade) is a chimeric monoclonal antibody consisting of a murine variable 

region and a human IgG1 constant region [20]. INF was initially recognized in mice as a mouse 

antibody [21,22]. The common mouse domains were exchanged with similar human antibody 

domains as humans have immune reactions to mouse proteins. Because they were a  

combination of mouse and human antibody amino acid sequences, they are called a "chimeric 

monoclonal antibody" [23]. ETA (trade name Enbrel) is a soluble fusion protein consisting of 

the extracellular domain of fully human TNFR2 and Fc domain of human immunoglobulin G1 

(IgG1).  [24-26]. The Fc domain was commonly used to extend the serum half-life of the 

engineered protein. ETA binds specifically with soluble circulating  TNF-α and prevents it 

from binding to its receptor, thus decreasing the biological activity of TNF-α. As a result, it has 

the potential to treat various autoimmune diseases or disorders associated with increased TNF-

α and excess inflammation [27]. TNF-a inhibitors are effective treatment important options for 

patients suffering from several immune-mediated inflammatory diseases such as ankylosing 

spondylitis (AS), inflammatory bowel disease (rheumatoid arthritis (RA), Crohn's disease, 

psoriasis, and ulcerative colitis) [28-30]. These biological therapeutics are either receptor 

fusion proteins (ETA) that suppress the physiologic response to TNF-α or monoclonal 

antibodies (INF, Adalimumab, Certolizumab pegol, Golimumab). Although ETA 

Adalimumab, Golimumab, and INF are all inhibitors of TNF-α, they influence body 

composition and weight differently [31]. The first TNF-α blocker used clinically to treat RA 

was INF [32]. 

Our study aimed to evaluate the effectiveness of the two TNF-α inhibitors, ETA and 

INF, for their capacity to protect cells from the cytotoxic effect of this pleiotropic inflammatory 

agent and evaluate their effectiveness in the reduction of TNF-α serum levels in rats induced 

by lipopolysaccharide. The results reported here showed that ETA was superior to INF at 10 

µg/ml while the latter was superior at 5 µg/ml concentration when testing their protective effect 

against the cytotoxicity caused by TNF-α on the WI38 cell line. In vivo testing showed that 

both ETA and INF significantly reduced TNF-α serum levels in laboratory animals induced 

with LPS after or before their administration with superior action in case of ETA. As a result, 
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both ETA and INF showed prophylactic and therapeutic antagonizing effects against TNF-α. 

The obtained results were interpreted in the context of reviewed therapeutic applications. 

2. Materials and Methods 

2.1. Chemicals and reagents. 

The chemicals used in the present study included: Human Recombinant TNF-α 

(National Institute for Biological Standards and Control (NIBSC, United Kingdom)), 3-(4,5-

Di-methylthioazole-2-yl) 2,5-Diphenyl tetrazolium bromide  (MTT  dye) (HIMEDIA, 

Mumbai, India),  Actinomycin D  (Sigma  Aldrich,  Saint  Louis,  USA), Trypsin 0.25% in 

phosphate buffer saline (PBS), Bovine  serum albumin (BSA)  (Serva Electrophoresis GmbH, 

Heidelberg, Germany), Sodium dodecyl sulfate (SDS) (Sigma Aldrich, Saint Louis, USA), 

Dimethyl sulfoxide (DMSO) (Sigma Aldrich, Saint Louis, USA), Fetal bovine serum (FBS) 

and Roswell Park Memorial Institute medium (RPMI) (GIBCO, New York, USA), Dulbecco's 

Modified Eagle Medium (DMEM) (Biowest, Le Vieux-Bourg, France), Hydrochloric acid 

(HCl) (Sigma Aldrich, Saint Louis, USA) 

2.2. Antibodies. 

Remicade (INF), a chimeric (mouse-human IgG) monoclonal anti-TNFα 

(GlaxoSmithKline, Brentford, United Kingdom), Enbrel (ETA), a genetically engineered 

fusion protein of recombinant human TNF receptor fused with FC domain of human IgG 

(GlaxoSmithKline, Brentford, United Kingdom) 

2.3. Cell line and its maintenance. 

The cell lines used in this study were the HeLa cell line (Cervic adenocarcinoma 

epithelial cells) and the WI38 cell line (Human normal lung Fibroblast Cells) were supplied by 

the tissue culture unit at the Egyptian Holding Company for Vaccines and Sera (VACSERA) 

(Giza, Egypt). The original source of cell lines was the American Type Tissue Culture 

Collection (ATCC) (Gaithersburg, Maryland). The cell lines were supplied in 75 cm2 cell 

culture flasks with maintenance media RPMI enhanced with 10% FBS for the Hela cell line 

and DMEM enhanced with 10% FBS for the WI38 cell line. 

2.4. In vitro determination of ETA and INF cytoprotective effect against TNF-α on the WI38 

cell line. 

2.4.1. Determination of sensitivity of HeLa and WI38 cell lines to tumor necrosis factor. 

Cells were harvested into RPMI medium (for Hela cell line) or DMEM (for WI38 cell 

line) containing 0.1 mg/ml streptomycin, 100 U/ml penicillin, and 10% fetal bovine serum. An 

aliquot (50 µl) containing the indicated number of cells was placed into each well of a 96-well 

microtiter plate. The tested cell numbers were [ (1-8)x105] cells/ml. Incubation was done at 

37°C for 4 h. Following incubation, 50 µl aliquot per each well of TNF-α solution dissolved 

RPMI medium containing 2 µg/ml actinomycin D was added. TNF-α was used in 

concentrations: 10, 1, 0.1 and 0.01 ng/ml. The plates were incubated for a further 24 h at 37°C, 

the cells overlaid medium was removed and replaced with 50 µl of 5 mg/ml MTT solution per 

well. The plates were re-incubated at 37°C for 4 h, followed by adding to each well 50 µl 
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DEMSO to dissolve the dye or its transformed derivative. The absorbance of the resulting color 

was read at 570 nm [33]. 

2.4.2. Determination of the cytoprotective effect of synchronous addition of ETA or INF with 

TNF-α to the tested cell line. 

The cells of cell line type proved to be sensitive to TNF-α (WI38 cell line) and were 

harvested into DMEM medium containing 100 IU/ml penicillin, 0.1 mg/ml streptomycin, and 

10% fetal bovine serum. Aliquots (50 µl each) containing the indicated number of cells were 

distributed into the wells of a 96-well microtiter plate. The number of cells used was 2×105 

cells/ml. Incubation was done at 37°C for 4 h, followed by the addition of aliquots (50 µl each) 

of TNF-α/MCA mixture in DMEM medium containing 2 µg/ml actinomycin D. The antibodies 

used were Remicade (100 mg/10 ml) vial and Enbrel (50 mg/1ml) prefilled syringe (PFS). 

TNF-α was used at a 5 ng/ml concentration (this concentration produced about 38.9% cell 

death). To prepare antibodies and TNF-α for addition to the cells in the monolayer, the 

antibodies were serially diluted into a medium containing 2 µg/ml actinomycin D to give 20, 

10, 5, and 2.5 µg/ml antibody concentrations. An equal volume of 5 ng/ml TNF-α in the same 

media was added to the diluted antibodies. After incubation for 2 h, 50 µl of TNF-α/MCA 

mixture was added to the cell. The plates were incubated for 24 h at 37°C, and then the 

cytotoxicity was determined by MTT assay. 

2.4.3. Determination of the protective effect of pre-incubation with ETA or INF against the 

cytotoxic effect of TNF-α on the tested cell line. 

WI38 cell line was harvested and grown in the same culture medium as described 

before. Aliquots (50 µl each) of the various concentrations (20, 10, 5, 2.5 µg/ml) of each tested 

antibody (INF or ETA) were added to the grown WI38 cell line after discarding the overlaid 

medium. The plates were incubated for 4 h at 37°C, followed by adding 50 µl aliquots of TNF-

α (5 ng/ml) to the microtitre plate wells. The plates were pre-incubated under the same 

conditions for 24 h, and then the cytotoxicity was determined by MTT assay. 

2.5. In vivo determination of ETA and INF effect on serum level of TNF-α in laboratory 

animals induced with LPS. 

2.5.1. Animals. 

Adult albino Wister rats weighing 150 - 200 gm were used throughout the experiments. 

Animals were accommodated under standard environmental conditions (55±5% humidity, 23 

± 1ºC, a 12 h dark cycle, and a 12 h light) and maintained with free access to water and a 

standard laboratory diet ad libitum. The National Research Centre Animal Care and Use 

Committee accepted the experimental protocols and animal care. They were following the 

International ethical guidelines for the Study of Pain Committee. 

2.5.2. Procedures. 

2.5.2.1. LPS and antibody administration. 

Lipopolysaccharides (Escherichia coli, serotype O111: B4) were purchased from 

Sigma-Aldrich, Germany. Two different approaches were conducted. In each approach, a 
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group of 10 rats (150-200 gm.) were used, the control group received normal saline, and the 

serum level of TNF-α was determined from the blood sample withdrawn at the beginning and 

at the end of the experiment (24 h after LPS injection in the first approach and 15 days after 

the tested antibody injection in the second approach). In the first approach, the animals were 

injected at 8 mg/kg/week ETA and 7 mg/kg/week  INF. The test drug was administered on the 

1st, 7th, 14th, and 21st days then LPS was injected at 4 mg/kg on the 28th day of the 

experiment. The animals were kept under standardized conditions of feeding and 

accommodation. Blood samples were withdrawn 24 h after LPS administration. In the second 

approach, the animals were kept under standardized conditions of feeding and accommodation 

for 7 days then LPS was injected at 4 mg/kg. Then, after 24 h, both ETA and INF were 

administered at 8 and 7 mg/kg, respectively. Blood samples were withdrawn on the 15th day 

after the antibody administration. 

2.5.2.2. Collection of blood samples and serum preparation. 

At the end of the experimental period, blood samples were collected using heparinized 

capillary tubes. Animals fasted for 12 h before blood collection. Blood samples were allowed 

to clot at room temperature, and then the serum was separated by centrifugation at 3000 rpm 

for 15 minutes. Serum aliquots were stored at -80ºC in a deep freezer until assayed for TNF-α 

level. 

2.6. Statistical analyses. 

Statistical analyses of the data were achieved using one-way ANOVA followed by 

Tukey's multiple comparisons test.  

2.7. List of abbreviations. 

MCAs: monoclonal antibodies; ETA: Etanercept; INF: Infliximab; TNF-α: Tumor 

Necrosis Factor-α; LPS: lipopolysaccharides; RA: rheumatoid arthritis; CD: Crohn's disease; 

SLE: systemic lupus erythematosus; MS: multiple sclerosis; CB: chronic bronchitis; COPD: 

chronic obstructive pulmonary disease; ALI: Acute lung injury; ARDS: acute respiratory 

distress syndrome; tmTNF: transmembrane protein; TACE: TNF-α-converting enzyme; sTNF: 

soluble  TNF; TNFR1: TNF receptor 1;  TNFR2: TNF receptor 2;  WI38 cell line: Wister 

Institute  38;  Hela cell line:  Henrietta Lacks  MTT: 3-2,5 diphenyltetrazolium-bromide; PBS: 

phosphate buffer saline; IgG1: immunoglobulin G1; PBS: phosphate buffer saline; BSA: 

Bovine serum albumin; SDS: sodium dodecyl sulfate; DMSO: dimethyl sulfoxide; FBS: fetal 

bovine serum; RPMI: Roswell Park Memorial Institute medium; DMEM: Dulbecco's Modified 

Eagle Medium.  

3. Results and Discussion 

3.1. Results. 

3.1.1. The cytoprotective effect of ETA and INF as determined by the in vitro study on cell 

lines exposed to TNF-α. 

In this study, we first examined the sensitivity of two cell lines, HeLa and WI38, to 

TNF-α. The results showed that the HeLa cell line was not sensitive to the action of the TNF-
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α (data not shown), while the WI38 cell line was sensitive to that action (Figure 1). The 

cytotoxic effect of TNF-α depended on the number of cells exposed to TNF-α and the 

concentration applied to this agent. The greatest effect was obtained at 2×105 cells/ml cell 

count and 10 ng/ml TNF-α concentration. However, the cytotoxicity at 1 ng/ml TNF-α was still 

high. Accordingly, the WI38 cell line at a cell count of 2×105 cells/ml was used to study the 

cytoprotective effect of the two tested monoclonal antibodies on the action of TNF-α at 5 ng/ml 

concentration. 

 
Figure 1. Effect of TNF-α on WI38 cell line viability after 24 h exposure time. 

To measure the ability of ETA and INF to protect against TNF-α action, each tested 

antibody was titrated against the action of TNF-α at 5 ng/ml on the WI38 cell line at a cell 

count of 2×105 cells/ml. This was carried out using two addition regimens; the first regimen 

included the simultaneous addition of each tested monoclonal antibody with TNF-α to the 

WI38 cell line. While in the second regimen WI38 cell line was first exposed to each tested 

antibody for four hours, followed by the addition of TNF-α. As a validation step, exposure of 

the WI38 cell line to TNF-α at 5 ng/ml produced cell cytotoxicity of 38.9%, while exposure of 

the tested cell line to each of ETA and INF at 10 µg/ml each caused no observable cytotoxicity. 

Upon simultaneous exposure of the tested cell line to ETA and TNF-α or INF and TNF-α, the 

cytotoxicity of TNF-α decreased (Figure 2A). The reduction in cytotoxicity caused by 

simultaneous use of ETA and TNF-α was higher than that caused by simultaneous use of INF 

and TNF-α at 10 µg/ml of each antibody. Reducing the concentration of each tested antibody 

to 5 µg/ml still showed cytoprotective activity against the action of TNF-α on the WI38 cell 

line. Still, this activity was lower than that observed at each tested antibody's 10 µg/ml 

concentration. Surprisingly, the cytoprotective effect caused by INF at 5 µg/ml was higher than 

that exerted by ETA, a result opposite to that seen for both tested antibodies at 10 µg/ml (Figure 

2A & B). However, further reduction of each tested antibody concentration to 2.5 µg/ml 

showed nearly no cytoprotective action when each concomitantly added with TNF-α to WI 38 

cell line (Figure 2C). 
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Figure 2. The cytoprotective effect of Etanercept and Infliximab when each was simultaneously added with 

TNF-α to WI38 cell line at 10 µg/ml (A), 5 µg/ml (B), and 2.5 µg/ml (C). TNF-α was used at 5 ng/ml, and the 

WI38 cell line was used at 2×105 cells/ml. Data are presented as means ± SEM. (a):significantly different from 

control; (b): significantly different from TNF-α;  (c): significantly different from ETA;  (d): significantly 

different from ETA+ TNF-α;  (e): significantly different from INF, each at p < 0.05. CTRL: control; TNF-α: 

tumor necrosis factor-α; INF: Infliximab; ETA: Etanercept 

 
Figure 3. The cytoprotective effect of Etanercept and Infliximab when each was added to WI38 cell line at 10 

µg/ml (A), 5 µg/ml (B), and 2.5 µg/ml (C) followed by the addition of TNF-α. TNF-α was used at 5 ng/ml and 

the WI38 cell line was used at 2×105 cells/ml. Data are presented as means ± SEM. (a): significantly different 

from control; (b): significantly different from TNF-α; (c): significantly different from ETA; (d): significantly 

different from INF; (e): significantly different from INF, each at p < 0.05. CTRL: control; TNF-α: tumor 

necrosis factor - α; INF: Infliximab; ETA: Etanercept. 
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In the second regimen, the WI38 cell count and 5 ng/ml TNF-α produced about 35.6% 

cell cytotoxicity. Upon exposure of the tested cell line to ETA or INF for four hours, followed 

by the addition of TNF-α, cytotoxicity of TNF-α decreased (Figure 3A). Again, the reduction 

in cytotoxicity caused by exposure of the tested cell line to ETA was higher than that caused 

by cell line exposure to INF at 10 µg/ml of each antibody. Reducing the concentration of each 

tested antibody to 5 µg/ml still showed cytoprotective activity against the action of TNF-α on 

the WI38 cell line. Still, this activity was lower than that observed at 10 µg/ml concentration 

for each tested antibody. Surprisingly, the cytoprotective effect caused by INF at 5 µg/ml was 

higher than that exerted by ETA (Figure 3A & B). However, further reduction of each tested 

antibody concentration to 2.5 µg/ml showed nearly no cytoprotective action (Figure 3C). 

3.1.2. Effect of ETA and INF on serum level of TNF-α as determined by the in vivo study in 

laboratory animals induced with LPS. 

This was carried out using two different approaches; the first approach included 

administering each tested antibody (ETA and INF) to the laboratory animals at four doses 

separated by one week before LPS injection, as shown in the method section. In the second 

approach, LPS was administered first; 24 h later, each antibody was injected once. The baseline 

Serum level of TNF-α of each tested rat was first determined pretreatment with each tested 

antibody, and pre-administration of LPS was within the same range as a control group. 

Pretreatment of the used animals with each tested antibody caused a significant reduction in 

the serum level of TNF-α in LPS-induced rats (Figure 4). However, the reduction in serum 

level of TNF-α caused by ETA administration at 8 mg/ml/week for four weeks was 

significantly higher than that caused by INF at 7 mg/kg/week at the same dose schedule a result 

comparable to that obtained in vitro experiment. Interestingly, ETA decreased the serum level 

of TNF-α of the tested animals induced by LPS to its normal level in the absence of LPS 

induction.  

 
Figure 4. Effect of administration of Etanercept (8 mg/kg/week, i.p.) and Infliximab (7 mg/kg/week, i.p.) when 

each was given at a one-week interval for four doses on TNF-α serum level of rats injected with LPS (4 mg/kg, 

i.p) after antibody administration. Data are presented as means ± SEM. (a): significantly different from control; 

(b): significantly different from LPS group; (c): significantly different from ETA, each at p < 0.05. 

Pre-administration of LPS and 24 h later injection of each tested antibody once caused 

a significant reduction in serum level of TNF-α of LPS-induced rats (Figure 5). Again, the 

reduction in serum level of TNF-α caused by ETA administration at 8 mg/ml as a single dose 

was significantly higher than that caused by INF at 7 mg/kg as a single dose. Interestingly, 

ETA decreased the serum level of TNF-α of the tested animals induced by LPS to its normal 

level in the absence of LPS induction. 
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Figure 5. Effect of administration of Etanercept (8 mg/kg, i.p) and Infliximab (7 mg/kg, i.p.) on TNF-α 

serum level of rats when each was given once 24 hours after LPS injection (4 mg/kg, i.p). Data are presented 

as means ± SEM. (a): significantly different from control; (b): significantly different from LPS group; (c): 

significantly different from INF, each at p < 0.05. 

3.2. Discussion. 

Expression of Tumor necrosis factor-α (TNF-α) increased in a variety of cancers, and 

this correlates with many tumor features such as higher malignancy grade, augmented cell 

proliferation, increased occurrence of metastasis, and poor prognosis for the affected patient, 

as in the case of breast cancer. In clinic settings, TNF-α blocking agents are used to treat 

inflammatory and autoimmune diseases [34-36]. Patients suffering from multiple autoimmune 

diseases showed elevated expression levels of TNF-α [37,38]. Antigen-binding fragments 

(Fab) and scavenging antibodies against TNF-α proved to successfully suppress mediated 

inflammation caused by TNF-α- in inflammatory autoimmune diseases such as psoriasis,  

Crohn's disease, and rheumatoid arthritis[39,40]. For the treatment of RA, INF was the first 

approved anti-TNF-α monoclonal antibody [41-43]. This agent is given intravenously. On the 

contrary, ETA, the recombinant version of the soluble p75 TNF-α receptor, and Adalimumab, 

the anti-TNF-α monoclonal human antibody, are administered subcutaneously. In the present 

study, we studied the effect of two TNF-α inhibitors approved for human use to protect the 

WI38 cell line against TNF-α cytotoxicity in vitro and their efficiency in lowering or omitting 

TNF-α levels in lipopolysaccharide-induced mice in vivo. The results obtained were interpreted 

in the context of the therapeutic application of these two agents and other TNF-α biologic 

inhibitors.  

For testing the cytoprotective effect of ETA and INF for cell lines exposed to TNF-α, 

we first examined the sensitivity of two cell lines, HeLa and WI38, to TNF-α. While the HeLa 

cell line showed no sensitivity to the action of the TNF-α at the tested concentrations, the WI38 

cell line did. The cytotoxic effect produced was both cell line count- and TNF-α concentration-

dependent. The greatest effect was obtained at 2×105 cells/ml cell count and 10 ng/ml TNF-α 

concentration. It was reported that various human tumor cell lines of different histological 

origins don't behave alike regarding their sensitivity and resistance to tumor necrosis factor-α 

(TNF-α) and Adriamycin (ADR). Watanabe et al. tested six ovarian lines, one of a lung, renal, 

and B-cell line, for their resistance mechanisms to TNF-α and ADR [44]. They found that no 

overall correlation exists for the cytotoxicity of these agents against the tested cell lines. The 

combination of ADR and TNF-α showed increased cytotoxicity against the tested cell lines. 

The authors proposed a resistance mechanism in tumor cells was the endogenous production 

of TNF-α mRNA and protein. A positive correlation between the constitutive production of 

TNF-α mRNA and protein and the resistance to TNF-α was detected. There was an up-
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regulation of TNF-α mRNA in the presence of TNF-α for the three TNF-α sensitive tumor 

lines. The authors concluded that TNF-α is highly cytotoxic for some tumor lines but of little 

or no effect on others [44]. However, the mechanism of resistance to the cytotoxic effect of 

TNF-α has been related to many findings such as overexpression of the HER2 oncogene [45], 

the production of free radical scavengers like MnSOD [46], the induction of expression of TNF 

mRNA itself [47] and differential degradation of TNF-α in sensitive versus resistant cells [48]. 

Gapuzan et al. reported that NF-kB has a key role in preventing apoptosis induced by tumor  

necrosis factor-α (TNF-α) [49]. Upon inhibiting NF-kB activity by overexpression of its 

repressor, the intratumoral administration of TNF-α produced regression of tumors in human 

fibrosarcoma cells [50]. After evaluating non-small cell lung cancer (NSCLC) cell lines' 

resistance to TNF-α, it was suggested that Ni sensitizes NSCLC cell lines to induce cell death 

caused by TNF-α by inhibiting NF-kB protein expression and activation [51]. Some authors 

suggested that differences in susceptibility of MCF-7 breast cancer cell variants to TNF-α-

induced apoptosis could be attributed to the differences in ceramide generation, TNFR 

expression, protease activation, and differential expression of the Bcl-2 family of proteins [52]. 

Pagliacci et al. showed that the cytotoxic versus the cytostatic effects of TNF-α rely on serum 

conditions and media used to culture the MCF-7 cells [53]. However, in our study, for 

measuring the ability of ETA and INF to protect against TNF-α action, WI38 cell line at cell 

count 2×105 cells/ml while TNF-α was applied at 5 ng/ml concentration. Upon simultaneous 

exposure of the tested cell line to ETA and TNF-α or INF and TNF-α, the cytotoxicity of TNF-

α decreased (Figure 2A) compared to control (no antibodies were added). The reduction in 

cytotoxicity caused by ETA was higher than in the case of INF. Reducing the concentration of 

each tested antibody to 5 µg/ml still showed cytoprotective activity against the action of TNF-

α on the WI38 cell line. Still, this activity was lower than that observed at the 10 µg/ml 

concentration of each tested antibody. The use of ETA at 10 µg/ml reduced the cytotoxicity 

caused by TNF-α by 58.4% in the first regimen and 79.2% in the second regimen. However, 5 

µg/ml ETA caused about a 35% reduction in TNF-cytotoxicity in the first regimen and 60% in 

the second regimen. The cytoprotective effect caused by INF at 5 µg/ml was higher than that 

exerted by ETA. In the case of INF and surprisingly, no significant effect in TNF-cytotoxicity 

was observed upon its use at 10 µg/ml in both regimens, while the similar treatment at 5 µg/ml 

caused about 73.8% reduction in TNF-cytotoxicity in the first regimen and 77.5% reduction in 

TNF-α cytotoxicity in the second regimen. Therefore, the reduction in cytotoxicity caused by 

the use of ETA was higher than that produced in the case of INF at 10 µg/ml while the opposite 

action was obtained at 5 µg/ml concentration. From the obtained results, it can be inferred that: 

(i) the protective effect of each tested TNF-α inhibitor is concentration-dependent, (ii) the 

shown opposite action profile of the two inhibitors at 5 µg/ml concentration as compared to 

that at 10 µg/ml while TNF-α concentration was constant could be attributed to the structural 

differences between ETA and INF and consequently the binding pattern to TNF-α and the 

avidity of this binding as well as the binding kinetics are different. It was reported that ETA 

binds only to the trimer form of soluble TNF-α, whereas INF binds to monomer and trimer 

forms. ETA forms relatively unstable complexes, while INF forms stable complexes with 

soluble TNF-α. ETA was able to form a 1:1 complex with the TNF-α trimer. In contrast, each 

INF molecule was supposed to bind to two TNF-α molecules[20]. 

The effect of ETA and INF on the serum level of TNF-α was determined by an in vivo 

study in laboratory animals induced with LPS either before or after treatment with the tested 

TNF-α inhibitor. For these experiments, TNF-α was measured by the ELISA technique. 
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Wallace and Stacey used the ELISA technique for measuring TNF-α for its cytotoxic effect on 

the human rhabdomyosarcoma cell line, KYM-1D4 [54]. ELISA was accepted as the 

conventional method for TNF-α quantitation after 1987 [55]. In clinical investigations and 

research, TNF-α measurement was done by the ELISA method [56]. ELISA, RIA, and 

bioassays were examined for measuring TNF-α. The bioassays are sensitive for measuring the 

bioactive forms of TNF-α, but they were found to be of low reproducibility and specificity and 

high cost [56]. Therefore, the authors stated that they are not suitable for routine measuring of 

TNF-α. The basic drawback of RIA methods is radioisotopes [56]. The main non-isotopic 

immunoassays for measuring TNF-α are ELISA's. These methods were reported to have good 

reproducibility and high sensitivity [55]. As in our study, Fries et al. determined serum 

concentrations of TNF-α by ELISA [57].  

In vivo study experiments showed that either pretreatment of the used animals with each 

tested antibody before TNF-α injection or pre-administration of LPS followed by injection of 

each tested antibody caused a significant reduction in serum level of TNF-α of LPS induced 

rats, and the action of ETA was significantly higher than that caused by INF. Also, in both 

cases, ETA decreased the serum level of TNF-α of the tested animals induced by LPS to its 

normal level in the absence of LPS induction. Regarding the therapeutic effects of both ETA 

and INF, it was reported that the two TNF-α antagonists, ETA and INF, have been shown to 

be equally effective against rheumatoid arthritis, while Infliximab was the only effective one 

in Crohn's disease (another TNF-α mediated disease) [58]. The authors stated that in patients 

with Crohn's disease, INF, but not Etanercept, can bind to the transmembrane TNF-α on T cells 

of lamina propria. and only INF can induce apoptosis of activated lymphocytes [58]. Specific 

anti-TNF-α therapies have substantially improved the clinical course and outcome in the case 

of RA of the disease [59,60]. The five approved TNFα inhibitors include the anti-TNF-α 

antibodies INF, Adalimumab, and Golimumab, the TNFR2 Fc fusion protein Etanercept 

(ETA), and the PEGylated Fab fragment Certolizumab. They block TNF-α biological activity 

through competitive inhibition of TNF-α binding to its cognate cellular receptors. In RA, the 

unequivocal therapeutic effects of ETA and anti-TNF-α antibodies led to two conclusions: (i) 

TNF-α has an essential contribution to the immunopathogenesis of RA as anti- TNF-α therapies 

mediate their action by inhibiting TNF-α activity at the site of disease, (ii) increased risk of 

certain infections occurred among patients on anti-TNF-α therapies,  a detrimental effect of 

TNF-α inhibition. Dixon et al. [61] suggested that the anti-TNF antibodies and ETA have 

differential biological activity. Although all mediate similar therapeutic action in RA, the anti-

TNF-α antibodies but not ETA are effective in the case of Crohn's colitis [62]. Also, using anti-

TNF-α antibodies but not ETA constitutes a greater risk of active tuberculosis [63]. 

Additionally, authors have previously shown that anti-TNF-α antibodies enhance the increased 

emergence of functionally active regulatory T cells. This effect has not been seen in the case 

of ETA [64,65]. Harris and Keane reported that two types of TNF-α antagonists are used for 

treating RA and spondyloarthritides; these include monoclonal antibodies such as 

Adalimumab, INF, Golimumab, or pegylated-IgG-Fc fragments such as Certolizumab and the 

soluble TNF-α receptor 2 ETA. Regarding the possible risk of serious infection (especially 

tuberculosis reactivation), ETA is considered the safest anti-TNF-α inhibitor. Several studies 

have shown that INF and Adalimumab monoclonal antibody therapy but not the recombinant 

soluble TNF-α receptor ETA increase the risk of reactivation of latent tuberculosis [66]. The 

safety profile of both types of TNF-α inhibitors may differ in part as a result of their TNF-α 

binding property. ETA interacts with soluble TNF-α and only weakly and reversibly with its 
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transmembrane form, while INF forms stable complexes with soluble TNF-α, and TNF-α 

expressed at cell membranes [20,67]. Markatseli et al. showed that all three biological agents 

(Adalimumab, INF, and ETA) are effective in RA patients and their efficacy [68]. In a study 

conducted by Desai et al., it was found the most frequently reported adverse event for 

Adalimumab, INF, and ETA was an infection, with the highest observed rate in the INF group 

(70.27%). Also, the INF group showed significantly more frequent systemic allergic reactions 

(39.19%) than Adalimumab (2.67%). In contrast, ETA group, no allergic reactions were 

observed. In RA patients,  the risk of treatment discontinuation as a result of adverse events 

was greater for INF than for Adalimumab, and the least was for ETA [69]. Flouri et al. showed 

that a higher rate of antibodies against INF compared with Adalimumab and ETA could explain 

the higher incidence of allergic reactions. The higher occurrence of infections may be due to 

structural and pharmacological differences among the three drugs. Although survival for all 

three treatments was satisfactory, it was significantly lower in the case of INF compared with 

Adalimumab and ETA [70]. Leon et al. also reported the same result [71]. The possible 

explanation is the high incidence of anti-drug antibodies (ADAs) demonstrated in the case of 

INF compared to the other two drugs, causing a higher rate of allergic reactions and inefficacy 

[72]. ADAs were reported to neutralize TNF-α inhibitors' activity and can provoke serious 

adverse events, such as allergic reactions and vasculitis [73]. Though IgG1 and IgG4, which 

are not involved in allergic reactions, are the most common types of ADAs, other ADAs types 

(IgA, IgM, and IgE) have also been detected [73]. Researchers detected IgE INF ADAs in 

patients who experienced a hypersensitivity reaction to INF [74]. Lower survival of INF 

compared to Adalimumab was recorded as a consequence of its side effects, especially 

infections, and ETA recorded a lower percentage of discontinuation [75]. In this respect, other 

supporting studies were conducted [68,76]. It was reported that TNF-α inhibitors demonstrate 

a satisfactory safety profile. Still, RA patients treated with INF are more likely to discontinue 

treatment earlier than the other alternatives, Adalimumab and ETA. Infections and allergic 

reactions appear more often with INF. However, the three drugs did not differ in serious 

infection occurrence [77]. As an adjunct feature for ETA, studies showed that except for both 

Certolizumab and ETA, all anti-TNF-α agents could induce antibody-dependent cellular 

cytotoxicity (ADCC) or complement-dependent (CDC) [78,79]. Two studies approved by the 

same laboratory found decreased and increased Th1 cells in the blood of ankylosing spondylitis 

(AS) patients treated with ETA or INF, respectively [80]. As suggested by the authors, this 

differential effect may be associated with the different efficacy of these two compounds in 

treating Crohn's disease. Additionally, this may be linked to the distinct rates of tuberculosis 

infections following treatments by these two agents. It was reported that Tumor necrosis factor-

alpha (TNFα) might paradoxically induce either apoptosis or cell survival. It exerts its activity 

by binding TNF-receptor (TNFR) 1 or 2. TNFR1 essentially transmits apoptotic signals. 

Depending on the type of TNFR and the subsequent recruitment of the related intracellular 

adapter proteins, TNF-α can induce controversial signals such as pro-inflammatory/anti-

inflammatory or apoptotic/anti-apoptotic. TNFR1 involvement can induce or inhibit apoptosis 

[81,82]. Apoptosis inhibition is mediated through activation of NF-κB [83]. Unlike TNFR1, 

TNFR2 lacks a death domain; consequently, the transduction of TNF-α signaling via TNFR2 

produces an anti-apoptotic effect and inflammation through NF-κB activation [84,85]. Anti-

TNF-a therapy resulted in a rapid improvement in clinical outcomes. The good/moderate 

response rate was 82% for INF, 89.6% for Adalimumab, and 95.6% for ETA. The withdrawal 

rate was 80% for patients on INF, 61.4% for patients on Adalimumab, and 47.6% for patients 
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on ETA. The most common reasons behind discontinuation were allergic reactions for 

Infliximab (rate of discontinuation of 25.7%) and inefficacy for Adalimumab and ETA (17.5% 

and 23.8%, respectively). The incidence of infections and systemic allergic reactions was more 

frequent in the INF group. The three drugs did not differ in serious infection occurrence. 

According to Kaplan–Meier survival analysis, a significantly faster withdrawal for INF patients 

was recorded than for Adalimumab and ETA [77]. 

4. Conclusions 

This study showed that ETA and INF could alleviate TNF-α cytotoxicity on mammalian 

cells represented by the WI38 cell line when tested in vitro. Both antibodies produced their 

cytoprotective effect when applied to the cell line before exposure to - or with the concomitant 

use of TNF-α. In vivo experiments revealed that ETA and INF could significantly reduce the 

TNF-α serum level of laboratory animals induced by lipopolysaccharides. This effect was 

demonstrated when the animals were treated with antibodies before or after lipopolysaccharide 

administration. ETA exerted superior cytoprotective activity in the in vitro experiment and in 

the reduction of TNF-α serum level in the in vivo experiment compared to INF. ETA but not 

INF decreased the serum level of TNF-α of the tested animals induced by LPS to its normal 

level in the absence of LPS induction when it was applied either before or after 

lipopolysaccharide administration. The evidence supports the continued use of both ETA and 

INF as therapeutic agents for TNF-α prevailing health conditions. 
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